Summary
In Strecker's degradation reaction causing the variation of color, odor or nutritive value of foods. They have reductone structures, such as enediol, enaminol , enedia mine, thiol-enol and enamine-thiol group, and the significant reducing activity that belong to them. In addition, they are expected to have some physiological functions attributed to their reductone structures. To clarify their functions is one of the most important problems from the viewpoint of food manufacturing, but this has not been done except in the case of several kinds of reductones. Our preceding studies have already demonstrated that some reductones possessed antitumoric potency to sarcoma-180 and nucleic acid-breaking activity, and that their actions were brought about by the reductone structures (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Cupric ion promoted the actions of reductones. It was further revealed in our institute that some mutagens, virogens or carcinogens have the ability to split DNA molecules (13) (14) (15) (16) (17) . Thus, YAMAFUJI et al. (18, 19) proposed a hypothesis that the appro priate breakages of chromosomal DNA might be the initiative process of the cytoanomalization, including carcinostasis, carcinogenesis, mutagenesis and virogenesis. Recently, STICH et al. (1) have reported that short exposure of Salmonella typhimurium TA 100 strain to the mixture of AsA and cupric ion, which was incubated before use, induced a significant frequency of mutants.
Since it has been already testified that AsA, or its oxidized products, possess a DNA-breaking activity with or without cupric ion, it is reasonable to consider that the observations by STICH et al.
(1) also support our conception. In this study, we have now confirmed that the mutagenic action of reductones on Salmo nella typhimurium TA 100 strain is based on the reductone structure, using TR, AsA or AsA-3-P in the presence or absence of cupric ion. 
RESULTS
1. Mutagenic action of TR with or without cupric ion TR is one of the representative enediol reductones and has the simplest structure among them (_??_). Its DNA-breaking action has been already shown. The mutagenic effect of TR alone on TA 100 strain was first tested under varying concentrations. As shown in Fig. 1 , about 300 new his+ revertants of TA 100 strain per plate were induced by treatment with 2.5 or 5mm TR. No detectable mutants, however, appeared at the other concentrations. Especially, the higher concentrations above 10mm seemed to have a lethal effect on the bacteria. These results indicated that the range of active concentrations of Fig. 4 . Effect of cupric ion on the mutagenesis in Salmonella typhimurium TA 100 strain. Experimental conditions were the same as in Fig. 1 , except using various concentrations of cupric ion. the higher concentrations of TR above 5mM with the combination of cupric ion was not observed. These mixtures seemed to bring about the lethal effect on the bacteria. From these observations, it was suggested that the range of effective concentrations was narrow in the case of the mixture of TR and cupric ion, too. In the control with cupric ion, no detectable his+ revertants were observed even at the concentration of 50mM (Fig. 4) . In this way, it has been confirmed that TR possessed the ability to induce the reverse mutation on TA 100 strain in the presence or absence of cupric ion. These findings suggested that the enediol group or its oxidative process played an essential role in the mutagenesis by TR because it has been already clarified that the DNA-breaking action of TR with cupric ion was almost completed within a few minutes after the addition of the mixture, and the oxidized TR had no breaking activity (10, 22 Fig. 6 . Mutagenic action of the mixture of AsA and cupric ion on Salmonella typhimurium TA 100 strain. Experimental conditions were the same as in Fig. 1 , except using the mixture of AsA and cupric ion with various molar ratio. proper concentrations seemed to be neccessary for the mutagenesis by reductones both in the presence and absence of cupric ion.
3. Mutagenic action of AsA-3-P with or without cupric ion As stated above, enediol reductones such as TR and AsA exerted the reverse mutation on TA 100 strain, especially in the coexistence of cupric ion. This fact suggested that the enediol structure of reductones took an essential part in the mutagenesis. To confirm it, the mutagenic action of AsA-3-P, in which 3-OH groups of AsA was esterified with phosphoric acid and the enediol structure was blocked, was examined with or without cupric ion. As depicted in Fig. 9 , AsA-3- Fig. 9 . Mutagenic action of AsA-3-P with or without cupric ion on Salmonella typhimarium TA 100 strain. Experimental conditions were the same as in Fig. 1 , except using various concentrations of AsA-3-P with or without cupric ion (molar ratio, 1,000:1).
P had no mutagenic effect on TA 100 strain even in the coexistence of cupric ion . From these findings, it was inferred that the enediol group was indispensable for the mutagenic action of TR or AsA. Similar tendency was observed in the DNA -splitting action of AsA-3-P or TR-2-P (8, 12). These compounds had no breaking capacity because the enediol group was blocked. However, the coexistence of alkaline phosphatase restored their activity to the same degree with TR or AsA (23 , 24) . Therefore, it was also considered that the lack of the mutagenic action of AsA-3-P was responsible for the absence of the enough enzyme activity in TA 100 strain. On the other hand, 25mM AsA-3-P seemed to cause the lethal effect . Its concentration was lowered to 5mM by the addition of cupric ion .
DISCUSSION
Our present studies have confirmed that TR and AsA exerted the reverse mutagenic action on Salmonella typhimurium TA 100 strain , especially in the co existence of cupric ion. On the contrary, AsA-3-P had no mutagenic effect even in the presence of cupric ion. These findings indicated that a reductone structure , such as enediol group or its oxidized form, took an essential role in the mutagenesis by reductones. Similar facts were also observed in the nucleic acid-breaking action of reductones. The activity of TR, AsA or DAsA lowered when the re ductone structure was blocked (8, 11, 12) . Furthermore, our previous studies have confirmed that DNA molecules were nearly disintegrated by AsA , TR or TR-AA with cupric ion within a few minutes (10, 22) . In this experiments , the f reshly mixed solution of TR or AsA and cupric ion induced the reverse mutation , although the frequency of his+ revertants was lower than that induced by the mixture of AsA and cupric ion which was used by STICH et al . (1) . These observa tions suggested that the oxidation process of TR or AsA in the presence of cupric ion as well as its oxidized products was necessary for the mutagenic action of both reductones. In addition, the range of the most active molar ratio of the mixture of AsA and cupric ion to induce the mutation was between 1 ,000:1 and 5,000:1. The higher molar ratio seemed to be lethal to the bacteria. The DNA-breaking action of reductones in the presence of cupric ion have been mainly observed at the molar ratio of 10:1. Such combination caused the lethal effect on TA 100 strain, probably due to the excessive breakages of DNA molecules . On the other hand, the breakage of DNA by several mutagens such as MNNG , hydroxyl amine, nitrous acid, hyponitrite and oximes in vitro (15, 16) and by some aromatic reductones such as noradrenaline and adrenaline in vivo (25 , 26) has been already clarified in our institute. STICH et al. (1) also confirmed that the mixture of AsA and cupric ion fragmented DNA of cultured human cells . It therefore seems to be reasonable to consider that the mutagenesis by reductones was induced through the suitable breakage of chromosomal DNA. Furthermore , it is quite note worthy that the reverse mutation on TA 100 strain which has been lately used for the primary screening of carcinogens was induced by reductones possessing the antitumoric activity.
